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"Ona of the first problems studied at the Explosives Research
Laboratory (in June 1941) was that of finding a suitable substitute
for thc beuswax uscd by the British in their RDX/Wax Semi-plastic
Erplosive.,  The reosults achieved in thie study up to February 1942
are contained in two earlier reports, OSRD-213 and 397. By that
time, the speclfic objective of finding & suitable wux or vaxes to
be used in the same way the British used bocswax had been attained.
The present report deals with the study of verlous physical proper-
tics of Composition A, and with work on a number of problems which
arose in the cour e of putiing this material into production and
service use.

During the originul inverticsution it was realized that a good
descnsitizer for DX chould probebly have phycical proverties
sinilur to thosc of beeswax or peirolewn waxes However, the be-
licf was held that the derensilizing cftcctivuncuq of waxes aight
be highly speeifie; that is, some waxes might be good desensitizers,
while others which did not diffur frouw thcm in any major way might
be poor. The point of view held by the authors of the present
roport is that eny petroleun wux having a hardness writhin a fairly
broad range will bc an effactive desongitizer. Conscquentiy the
choice of a wax for use in making Coumposition A should he bescd on
considerations of supprly, nelting point, exudetion, gnd, of course
consistency. It still renaing true, as woe vointed out in the
{f'irct report, thant most neutrzl petroleum waxes are not taken up
well by RDX from = hobt water slurry, and c°nso(ucntly it is neces-
sary to add to the wax some materisl having polur groups. The
first metorial rccownended for this purposs, Alox 600, remains =
good cholce, but it has been found that 1%, vather thun the 10¢
previously suggested, is adequate. Cutting dovm the amount of

(Cont'd)
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Alox 1s un edvantage, us it holps to reduco exudution from thu

Composition A during hot storuge, end it also makss the explo-

pilve less likely to stick to tools uzna dics vhen it ie pressed.

Anvone interssted In the pr oblum of writing specifications
for waxes should also consult OERD-5633 which denls with the
problen of evaluntiug waxes for use oy desensitvizurs in various
compositions, including Composition A."

This 1y o progress roport undor Contrect Okaisr~-202 with the Carnugie
Institutc of Technology.

This document contuing information affecting the national Aefenze of
the United Stuves within the mocnlng of the Esplonage act, U.S5.C. 503
31 and 32. Its tronsmission or the revelation of 1ts contents in
any minner to an unauthorized person is prohibltecd by luw..
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Summary

This report reviews the studies of Composition A made in '
this laboratory since February 15, 1942; previous work has

- been reported in OSRD Reports No. 313 and 397, Preparation

of Composition A is first discusseds Of the possible methods
of coating EDX with wax, the slurry method is deemed best, but
to most neutral petroleum waxes wetting agents like Alox 600
must be added to secure good coating of the crystals from water.
Roll-milling of the wet product produces a material which is
plastic when heated above the melting=-point of the wax, but
does not improve the desensi:tizing action of the wax if coating
of the crystals has been goode This hot plasticity is not
required in American loading practice, and moreover, the tray-
dried unrolled product (Composition A-3) has a desirable
granulstion without any special graining process.

Next, a thorough small-scale study of the pelleting properties
of Composition A is presented, It is shown that the pellet-
density may be represented basically as a function of the wax
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h‘idness (measured by the ASTM Penetration Test) and the
pressure. Effects of pellet diameter, pellet length, pressing
time, and even of complicated increment pressing schedules may
be interpreted in terms of the basic pressure=-penetration-density
. relations. With Composition A=3 rather similar results are
obtainedes The Explosive properties of Composition A are next
discussed. It 1s first shown that among the petroleum waxes
which are suitable for use in this product, from the standpoint

) pelleting properties, each seems to be equivalent as a

of 1ts constitution and mechanical properties, is not easy to
compare, in sensitivity, with pure-compound explosive materiab,
Most drop-weight tests show it to be more sensitive than TNT,
while the Bullet-Impact and Booster Sensitivity Tests show it to
be less sensitive $han TNT (in the same physical form, of course),
‘ Considered gener&lly, smhll scale tests place Composition A em-
tho-—sensitivity-seale as clearly less sensitive than Tetryl
and more sensitive than Ammonium Picrate-probably in the same
class as TNT (pressed). Small-scale tests of performance, on
the other hand, show that this material appears to outperform
not only TNT but also Tetryl in every respect which has ‘' been

investigated.

The chemical stability of Composition A's made with neutral
petroleum waXas appears to be essentially as high as that of RDX
itself; certain synthetic waxes, however, give rather unstable
The loss of wax in high-temperature storage (600C,)

products,
depends ugon the wax used, and among waxes having melting points
between 160 and 175°F, may range from O0.4L% to 15% of the wax

in rive weeks. Finally, such variants of Composition A as
Aluminized Composition A, 12% Composition A, and Composition A-
KN03 mixtures are briefly discussed or referred to. .

CONFIDENTIAL

desensitizer, if well applied as a coating.Composition A, because -
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1. Introduction

In OSRD Report No. 313, work at this laboratory directed toward
discovery of a substitute for besswax for the phlegmatization of
RDX has been reviewed uvn to Dec. 30, 1941, OSRD Report No. 397
completed the description of this work through February 15, 1942.
Of the ten waxes suggested in these reports, onc was selected
for use in RDX Compositions A and B, and has so been used
throughout the war, With this adoption of 90/10 Aristowax 160-
65- Alox 600, which, since it was the tenth wax listed, has

been called "Bruceton Wax No. 10", one phase of our work with
Composition A came to a close., Pilot operations were begun at
the Eastern Laboratory of the duPont Cu,, and finally fulle
scale production began at the Vabash River Ordnance 7Jorks.

Thus, after about the summer of 1942, problems concerning
Composition A have come to us more or less as a few direct
requests, In this way we were requested to study the first
samples of unrolled Composition A (Comp. A-3) from thec duPont Co.,
to evaluate certaln wax2s as possible substitutes for Aristowax
160-65, to suggest possible substitutes for Alox-60°, or to seek
waxes whose use in Composition A would further reduce exudation.
The baslie reason why so few problems concerning Coumposition A
have smerged lics, to be sure, in the fact that this explosive
has not beecn used by the services until this yecar, when it has
been loaded by the U,S. Navy in the 5"-38 A,A., Shell; this
development came, however, too late for the clear-~cut definition
of, or a completed laboratory attack upon real problems

developed in use.

¢

Nevertheless, during the period since February 1942 a good deal
of work has been done with Composition A in this laboratory,
partly on request, and partly simply in the course of general
investigations of desensitization and properties of explosives;
This work, coupled with the growth of experience at the E.R.L.,
has gradually produced so many charges in our point of view that
the undorlying tone of the two early reports is now no longer.
fairly representative of our beliefs, though the facts presented
are generally true, and the wax which was chosen from the
recommended list in 0.S.R.D. No, 313 has proved most satisfactory
(except for changes in the properties of the Aristowax in
production over a period of time, a mattcr which could scarcely
have becen forseen, and which has had no demonstrablc ill effeccts
in any case). Accordingly we shall in this rcport summarize

the work done with Composition A at E,R.L. 8Sinc: February 15,
1942, and stress changes in opinions and points of view which
have arisen during that periocd.

CONMFIDENT
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2, Studies of the Preparation of Composition 4,

(1) Application of Wax to RDX

It has beecn generally acccpted that the most satisfactory method

: of incorporating the wax with the RDX is by the addition of

1 molten wax to a welle-agitated water slurry of RDX, hald above the
melting-point of the wax. In the laboratory, with batches vary-
ing from 50g. up to 10 lhs,.,, we havc slowly addesd molten wax to

' a rapidlg stirred slurry of RDX in water (1:3, RDX: "atsr) at
about 90YC,. When a wax suited to this prcrness is cmployed, the
RDX crystals are¢ completely coated with wax aftcr 5-6 minutes o
stirring and havec agglomerated to small round grains which, when
stirring is stopped, settle rapidly to thc bottom of tho «ettleos
The slurry of grains may then either be allowed to cool with stirr-
ing, or, if thc batch is large, be cooled rapidly by the addition
of cold water to the kettle. ™hen cool, most of the water may
be decanted, and the rcsidue removed on a filter, Commorcial
practise gencrally does not deviate in principle from this
procedure, ¢ have made numerous laboratory studies of the exact
conditions which give a well-coated granular product of suitable
grist, but such procedures arc not necccssarily apilicable to
large-scale production, so nced not be detailed here, If too
little water is uszsd, the product does not ball up well to
suitablc grains; too much watsr, inadcquate stirring, too high
a viscosity of the molten wax, and too low an oiling tempcrature

slow down thc ratc at which RDX crystals are coated,

a, Coating Propcrties of Waxes

, although bceswax is sulted to the process outlined above,
i : neutral petrolecum-base waxcs in general are not, although
: some highly colorcd and impure¢ amorphous waxcs do appear capable
} of wetting RDX from watcr in this manncr. On the othor hand, most
; neutral pctrolcum-base waxcs ars taken up by RDX in such a slurry-
mixing, and do not rcmain floating on thu watcr layor when
agitation has stopped. “hen such waxcs are colorless, it is hard
to be surc, on casual inspcction, that the RDX has not becn coated
(though th: uncoatcd product ncver grains, but rcmains fing).
The ulti violut cxamination tcchniquc dovuloped at Picatinny
Arscna pcrmits an casy diffcrentiation bctwcen RDX samples which
_ simply contain wax, and samplcs which havc besn well coated,
. Plate 1 shows photomicrographs at 4.6 x of samplcs of RDX, of
' RDX £ 9% Aristowax, and of RDX # 9% Aristowax-Alox (Bruccton ™ax
No. 10) viewed in ultraviolct fluorescunt light, and in whitc
light, Lach waxod samplc was made by the slurry mcthod, and
. in cach cas¢ the wax was apparently taken up bty the slurry.
. The differcnce betwesn the coarse grains of the coated RDX and the
fine, uncoat:d matzricl is, of course, apparsnt, but the

l/ Tschnical Report, Picatinny Arsenal, Serial No, 1487,
January 17, 1945, "Descnsitization of High Explosives by Waxos™
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#hite Light Fluorescent Light

<— Seme fleld —

<— Same fleld—»

RDX plus 9% Aristowax

RDX plus 9%_ Aristowax-Alox (Bruceton Wax No.10)

Plate 1
Megnification: 4.6x
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photographs in fluorcscent light revesal clcarly that the wax

in the uncoated sample is actually prescnt only in a few
globules, while the samplc made with Alox is uniformly coated,
Now if the filtersd product is to be subjected to a scries of
roll-millings, (Composition A) failure to coat completely might
not bc objoationable, but if the product is to be tray-dried

and used directly (Cemvosition A-3), failure to coat the RDX

well will give very sensitive products. The three samples shown
in Plate 1_ gave, for gfample, when tested as a group on thsa
Type 12 Impact Machinc,%/ the following 50% points in centimaters:

Sample 50% Point ‘em.), Type 12

RDX : 15
Comp. A-3, no Alox~ 31
Comp. A-3, with Alox 72

Bullet tests, using samples presscd to a density-of 1,0 in 1"
pipe-nipplcs, and Cal, 0,30, Bell, M2 Ammunition, gave high-

ordcr detonations in cach of tcn trials with a Composition A-3
made wit hout Alox, while 59 samplss of well--coated quﬁysition A=-3
have each becn incrt under the same tcst condiiions, It is
ccrtain that thc suggestcd waxes numbecrcd 7 and 9 in OSRD Report
No. 313 do not coat RDX from watcr, and it is probablec that the
waxes numbered 1 and 3 do not coat wcll,

2/ 0.S.R.D. Report No. 5744

3/ 0.S.R.D. No. 5745,
4/ Picatinny Arsenal Technical Reports 1489 and 1499 present

similar and more detailed correclations bstween wax covcrage
and scnsitivity for PETN-wax systems.

-5 - CONFIDENTIAL
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It now scems clcar thet most petroleum=-base waxes form in water
an interfacial contact angle on RDX crys*al surfaces which is
finite; accordingly RDX particlcs adherc to wax globules and ree~
tain them in the slurry. The RDX is neither capable of acting as
‘an efficient powder~cmulsificr for wax in water nor is it, on
the other hand, complstely wet and coated by wax, To assure the
latter bchavior, which is shown by becswax {and certain !
petrolsum waxcs which presumably contain polar impuritics :
e adequatc as wetting agents), it 1is generally rcquired that a
wetting-agont be added to the wax to make the wax-water contact
anglc on RDX zero. For this purposc thc catalytically oxidized
pedrolcum product called Alox 600 (Alox Corporation, Niagara
Falls, N.Y,) was suggestcd in OSRD Rcport No, 313 (1941), and was
adoptrd(as an ingrcdicnt of “Vax ;/10). This additive has bocn
satisfactory, in thc mein, but has prcscntcd two unrclatcd
difficultics. Alox aamplcs gcncrally contain small quantitics
of r:sinous matcrial insoluble in molten wax, in amounts which vary
somcwhat from samplc to samplc, This dark mtcrial is sticky
and possibly troublcsoms in production; it morcover anpcars as
dark flcecks in the product, which pcrhaps tond to speil its
appcarance, No rcal harmful cffcets havc cver bscn id.ntificd
with this rcsin. It has becen morc rcesntly obscrvcd that the
rccommendod concontration (10%) of Alox 600 in the WAX ;710 is
considorably morc than is nceded to cnsure good coating, and that
thc Alox tends to inercase stickincess and wax cxudation, It is
rccommcnded that a rcduction of the Alox 600 content from 10 to
1% bc made, to rcduce cxudation and stickincss,

R T Ty SHP,

Sincc Yax ,#10 was also approvcd for usc in Composition B,
considcrable gquantitics of p1ox 600 werc uscd during the war, and
at onc timc requests werc rcoecvivcd to make rscommcndations for

a substitute for Alox 600, Scvcral materials, including

Stsaric Acid, cctyl alcohol, and anhydrous lanolin were triod.

Of these it was felt that lanolin most nearly roscmbled Alox in
its effects, Stcaric Acid hardsncd thc basc wax considerably,
and tcndcd to make the product discolor in contact with brass,
Cetyl alcohol inercascd th: ¢xudation mor:c than Alox 600,

It was not actually ncecssary to cmploy any substitute for Alox
600, 0.S.R.D, Report No, 313, p.6, lists a large number of ,othor
additives which have becn tricd, cgpceially with paraffin,

. 5/ Picatinny Arssnal Technical Recport 1533 prescnts information
' concerning a somcwhat different application of wetting agents
in PETN-wax systems to sccurc uniform coatings and uniform

particl: siz.s in final products,

CCNFIDENTIAL




—— e -

e

b, The Effscts of Wax Viscosity

A few waxes have been triad in Compesition A which, dospite the
addition of 10% Alox 600, failed to give good coating from water
except with unusually vigorous stirring and at unusuelly high
Two such waxes were B=-square “ax and the tank-

It is baslieved that these amorpheous
waxes had too high a viscosity at the oiling temperature and

were, accordingly, being »revented from spreading by purely
The following viscosities wers determined at

temperatures,
bottom wax Super Gem Amber.

mechanical acans.,
210°F with the Brookfield Viscometar:

Viscosity (centipoises)

Wax

Super Gem Amber : ' _— 16,0

. B-8Square Nax e 12.3
Superla *ax, Yallow . F L o e 10.4
Stanolind, 170/75 TS 8e5
Aristowax, 160/65 RER 0 7.4
Stanolind, 160/65 6.§

. L

500 Paraffin

It is known that Stanolind 170/75 wax oils well at reasonable
temperatures, and that Superla "Jax Yellow is fairly satisfactory;

accordingly, it seems wise to usc waxes whose viscosity 1s below

about 9 ¢
at 210°F._7

tipoises, or below about 60 Saybolt Universal Seconds
An allied difficulty has been cncountered in

attempting to prepare samples of waxzd RDX containing 5% of wax,

Under these circumstances, the wax does not seem to sprecad evenly
By adding not the molten wax,

but a hot solution of wa® in CCl,, a smooth coating can be obtained,
“hen too finc an RDX, such

as the through 325 cut of a production RDX is used to make a
regular Composition A, a similar difficulty is encountered,
which also seems to be a mechanical one, rather than the result
of ths surface's being too great to ba coverecd by the

in a thin coat over all the RDX,

-the solvent being evaporated off.

available wax (in this case the amount of wetting agent adequate

PXS-1127 is higher tian desireable,

for normal grist RDX may have become inadequate, however).

DD AP DGR wp TP un ap S5 S5 W GD E) U TP GE T WP wn PP SDUP UP P D W ED GO AP S WP HP G5 GF W 1B I S GF UPED T TP P A PGP T P @ oy @ W G O S5 0D D e

6/ It seems to us that the upper limit, 75 Saybelt Univeraal
Seconds, allowed by Picatinny Arsenal Tentative Specification
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6, Other Methods of Coating

In early laboratory studics of wax desensitizations, certain
waxes which could not be applied without additives from water,
such as paraffin, were distributed mechanically over the RDX
surface by dissolving the wax in CCl,, mixing ths solution with
dry RDX, and evapos: Ling off the solvent as the sample was
stirrcd. Judged by sunsitivity tests, fair coatings were thus
obtainzd, but thc method scems not to r suited to largescale
procedurs, and can in any case be casiliy avoided by addition

of wetting agcnts. Various methods of coa 273 PETN with

wax have bvcn studicd at Picatinny Arscnal, Coprecipitation of
PETN and wax {rco acetonc by water addition, and co-crystalli-
zation of PETN and wax from cthyl alcohol, as well as coating
in water slurry wers tried. The latter method gave by far the
best coatings.

(2) Rolling
a, Thoc Effsct of Rolling on Sensitivifx

Early in the course of study of Composition A in these
laboratorics, it was bclieved that roll-milling of the wet
waxcd product was required to give the full desensitizing sffect

.of added wax., Before differential rolls had bcen obtained,

mechanical mortars wore usecd to wet-grind waxcd samples. At this
time sensitivity tests were made with the Type 4 Impact Machine,
and the ratios of the mcasursd 50% points for the waxed sample
and for RDX werc qguoted as "desensitization ratios', ™ith this
mortar-griding technique and this Impact liachinc <ffects of
milling on the dosensitization ratio werc studied. Results

such as thesc are typical: One hour's wst milling of a bscswax
coatad sample raiscd the desensitization ratio from 1.9 to 2,8;
milling (of unspccified duration) increased the desensitization
ratio of a paraffin-stearic acid coated sample from 2.7 to 7.6.
Results of this sort temporarily convinced workers that somckind
of milling was required for good desensitization., Wien
differential rolls were obtained the f: 'iowing milling serics

was studied; rolling of the Beceswax-Coeted RDX was at 0,005"

roll scparation, with unsprung rolls (i.e. infinite¢ spring force).

Number of Passes 50 Pt. (cm); Typc 4.

1
5
7

9 .
11 0% at 115 cm.

2/ Picatinny Arsenal Tachnical Report 1489,

8/ Sec 0.S.R.D. Report No., 57Lb.
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These results appeared to confirm the earlier onss. In December
of 1942 a sample of grained Composition A and of Composition A-3
(unrolled), made by the duPont Co. from Bruceton *ax No. 10,

were rcceived for comparison, At this time the Type 4 machine

had been abandoned as too irreproducible, so the samples were
tested on the Tyve 7 machine (See footnote8), giving the following

results:
Explosive igﬁ Point gom}; Type Z

Composition A 151
Composition A-3 (unrolled) o 150
TNT (average of 10 trials) 153

Bullet tests of thesc two matorials hand-tamped in 1" pipe-
nipples, tested with Cal. 0.30, Ball, M2 ammunition also revealed
no sensitivity differcnce. Accordingly a new milling series

wes made, using sprung rolls at 0.020" roll separation and 460 Ib,
spring-force (which was then current laboratory practice), and
also unsprung rolls and a 0,005" roll scparation, as was uscsd in
thc earlier scrics. The following results werc obtained,

Passes Roll Scparation __Spring-Force 50% Point(cm)Type 7

110

None T

2 0.020" L60 1b, 117

8 0.020" 4,60 1b, 115
2 0,005" e - 86
8 00005" L = 95

Four bullet-tests under the conditions alrcady mentioned were
made on each sample, and no detonations were obtained. Taken
at face value, thsse results suggest that the unrolled material
was well covered, and its sonsitivity was not affccted by
milling with sprung rolls at a rathsr wide separation, but that
milling with close, unsprung rolls actually fracturcd coatecd
crystals, and only by repeat.d passes was thc coating re-
established. To tust this notion, a well coatcd sample was milled
onc pass through unsprung rolls at 0,001" scparation and tested
at density 1.0 in tho Cel. 0.30, Ball, 32 bullect test, using

1" pipe nipples. Results were:

Explosive No, Trials Percent Inert

Gomp. A-3 (unrollaed) 59 100%
Comp.A-rolled ons pass 5 80%
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Few trials were made with this violently rolled material,
but 1t seems tc be more sensitive than the unrolled product,
Since this time, rolled and unrolled samples have been
compered on several occasions with the Typc 12 Impact
Machine (See reference 8); no difference has becn detectad.
The carly results sseecm, thercfore, to have been misleading
for reasons which cannot be reconstructed in dctail, It 1s
possible that in early small scale preparations, made with
hand stirring thc coatings of wax were not very good, and
that with thcse samples (as with any badly coated ones) the
mechanical cffcets of rolling or grinding of suitable
violence were helpful., Thc early milling serios did not
include a test of the unmilled product, so that perhaps it
reveals only the effcets of re-covering, by milling, of
surfaccs e¢xposed by the first pass through the rolls, 1In
any casc, no avidencc now exists to assort that a wclle
rollcd and a well-coated unrolled Composition A display
differcnt sensitivities, On the other hand, it is ccrtain
that a poorly coatsd unrollced material will bc unduly
sensitive, and it is probable that a few passes of a well-
coated material through close, unsprung rolls will increase
rather than decrease its sensitivity.

b. The Effccts of Rolling on the Plastic Properties of
Composition A,

If Composition A and A-3 are equivalent in sensitivity, the
former displays markedly superior plast.ic propertiss when
warmed above the melting point of the wax., This difference
is the result of the favorablc particle sizsc distribution

of the RDX produced by roll-milling, end is a difference
which is of great importance when Composition A is to be
loaded as a scmiplastic by hot stemming, which is British
loading practisc with this material, but which has never

been seriously contecmplated in this country. This effcet of
rolling bccamc spparcnt to us only when our first sample of
British product was rccceilvcd varly in 1942, At this time
also a few of the dectails of British rolling practisc were
roceived, and ovor a scrics of months we investigated rolling
procedures in an attumpt. to match thc plastic ropertics of
the British product. "hen the warmcd British matcrial was
pressced into thin platcs and coolcd, these platcs were
characterized by considerablc hardncss; such plates break with
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a sharp snap, and when vicwed under th:c microscopc ars found
to be well consolidated and close grained. We werc casily
able to avoid thc dry powdery products produced in carly
rollings, but the bsst samples crumblsd rather than

snapped, and were always found under the microscops to be

of rather open grain, Finally, in Dccember of 1942 the first
Composition A sanplcs from the larger rolls at thc fastern
Laboratory of thc duPont Co. wsre obtaincd; thesc suemed
comparable in hot plasticity and cold hardncss to the

British samplcs. Shortly thereafter it appcarcd that tho
rollsd product would not find use in this country, so further
attempts to discovsr the corrset conditions for small-scale

milling werc abandoncd,

Kevertheless, thurs ars conditions under which a good rolled
product is very uscful, Onc of thsse is in ths production
of the British pourable RDX-Yax Aluminun mixturc, which is
propared by the addition of c¢xtra wax and aluminum, plus
lecithin, to a rollud Composition A, “7ith a total of 12k
wax, such a mixturec can bc¢ pourcd, but with unrollcd
Composition A on¢ néeds almost 20% of wax,

-(3) Drying
British products and Composition A and A-2 as spccified in

this country wecrc dricd in a jackstcd kettlc equippsd with
an anchor-stirrcr. In thi laboratory we used a stcam
hcatcd Banbury mix.r, capablc of drying a two-pound batch,
These procudurcs produc. coarses, lumpy products, hard when
the matcrial has bsen roll:d, and more friable whcn it is un-
rcllced or poorly rollcd. Composition A-3 is tray-dricd in a
currcnt of warm air at 150-160°F, In th: laboratory we have
dricd this material in a forced-draft oven at 150°F, The
maximum watcr content permittecd by U.S. Army Ordnance Dept,
Tentative Spceification AXS-768 (Ref, 2), Feb, 7, 1945, is
0.1%. No particular investigation of ths drying procsss has
been made in this laboratory.

(L) Graining

At onc tim. small-scale processes for . raining the coarse lumps
of Composition A in the diffcrentisl rolls wsrc studicd and
cmployed in the¢ laboratory to producc products suitcd to
pelleting. Procc.durcs for glazing with graphitc in a

tumbling barrcl were likowisc uscd, Thess have become
gencrally of no intsrcst, einee the Composition £-3 is directly

-1 - " CONIIDiNTIAL




CONFIDENTIAL

obtainad in a form suitable for pelleting, and grehhite
coatings, if desired, may bc obtained dirsectly by adding
graphite, wet with water, to the slurry after the granules
of Composition A-3 have formed; continnsd stirring coats the

granules with graphite,
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3. Stu ies of the Pressing Characteristic of Composition 4”

Vhen it vecaiie obvious that Composition .. loasding by the British
hot-stemming metinod would not be accepteble i tais country, it
vas felt tiaat a tiorough s..c.ll-scale study of tie »ressing
caaracteristics of Conposition .. siioculé¢ be undartalien. It was hoped
tnat such & study mignt at cnce serve as a guide in choosing waxes
w.:ich would produce products suited to any snecific loading con-
¢itiouns, aad constitute ¢ cid ia designing lo:-diag equipiient und
procecures for aay specific Couposition .. ‘.hen t.is worx was
goiipleted i.: tiie swuuer of 1642, no one seewed 1utereoted in load-
ing Composition :., 80 tiae results heve nevexr ceen revorted in a
formal Progress neport; accoxdingly tie, will be presented .aow,

(1) The Variables; their leasureuent or Control

a Interizl Viriables (Those Fixed for & S-ecific Compos=-

(a) 1lax Content

all the sviiples of Composition A made ia this
laboratory were prepared .with . wax by weisht, and no attempt
was itade to vary this aunount, althou 1 the sai:ple of British
gazgrial, waich nas also vsen studied, has been found to contaia
40 viax,

(b) Wax Deusity

The densities of ths various waxes used in this
work were found to be suificiently differeat to influence the
mezsured results; accordiasly tie densities of all pressed cihargces
have been coirrectad to the densities which would have been measured
had the wax possessed the density of Brucetoa *'ax :‘o. 10, This
correction is lzrge only in the case of sa.iples mede with beeswcX,
but is sppreciable in oth:r cases also. .ithin the density range
of interest, this adjustizent ma, be s8iiply m.d: by addinz a correct-
ion to the meusured density. 7The following Table :;ives ithe uax
densities and additive corrections for the waxes stidied:

liax Jensity Correction

Supsrla .ax, Yellow 6?8?% -0.002
Yellow african beeswax 0.958 _ -0,008
Sruceto. iax i.0. 10
(90% ..ristowax 150-65,

10% ..lox 600) 0.929 . 0.000
90 LYetrocene T, TLI

J;Oﬁ.) .'.10?:& 600 0.933 -0,001
95% CGulf Petrowax ..,

5% ..lox 600 0.917 +0.003
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(c) Sige Distribution of the RDL

~£ll sawples made i.. this lcboratory were prepared
from RUa h ving the saume initial size distribution, and all were
passed six times through a dirferential roll-mill at roll-separe
ation 0,020"; cccordiagly it is hoped that tinis f .ctor has been
held constaint. The British sacple, .iowever, has definitely a .finer

grist,
(d) Grain Size of the Grained Composition ..

Both tiae British and our own sauples we.e grained
by the same proocedure; furtieriore control experiments h.ve sihown
that the density of t.ie Dressed pellets is not very nuch altered
even by large chanzes iz the grist of the ma:teriel pr:ssed.

(e) Consistency of the Grained Composition .

Grains of the 3ritish ..cterial were coasiderably
harder aiad more co.puct tiaan tiiose of our products; tae effects of
tals aifference will be iientioned luter. .iasong our own products,
aowsever, tie consistency appeared to be a property which was
independent of the specific wax used.

b sxternal Variables (Those ¥ixed for a 3pecific Pressing)

(a) Pressure

The oil-p.essure i:n tie press was measuyed wita an
ordinary Bourdon pressure gage, calibrated cgainst dead-weight
pressure i.. a comparison apparatus. The pressure on the explosive
was calculsted in tiie usual way, the force regiirec to float tae
plunger of the prass ve.as subtracted. It is felt that the ilaXx-
imuia errors i.. the pressure were ..bout + 2%,

(b) Jemperature

The i10lds were wrapped witi heating elenents,
powered by a Varitrans, cad the teiiperature of the 10ld vias meas-
ured wita a thermocouple deeply imbedded in tihe wall of the nold,
In general, tias explosive v.es loaded iato the nold, pressed down
firaly by hand, and then tihe ii0ld was slowly drousit u» to tel-
perature (in .bout 10 ninutes), hsld thaere for :bout three minutes,
and then the pressurs was ajnplied. .

(¢) 3hane and Size of Char:e

lost of our systenetic work has been done with
ten-sram pellets in a onc-inci c, lii¢ricsl .o0ld. Viriations in
dlameter and lengta of cslindrical caargzes, c<id variations to none
eylindrical shepes huave bsen studied as well.

llf- CONFIDSWTIAL
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(d) ZPressing Schedule

The effects of time of pressing, and of pressing
1n sevaral inorements h vo beon studied.

.(e) Otiers

_ The effects of tizhtness of the plungers and of the existe
ence of paths of egrcss Jor entrapped air h.ve bsen studied.

¢ - ixed Variible (The :&ax Consistency)

It hes proved usafil to exoress tTis coinsistency of tna wax
i. torms of tue O Junet; tlon tsst, Design.tion D5-25, cuploy-
jnx ¢ stesl needle loaced -:ita a 200 g. weigat, and a tiue interval
of 5 secoands. Ths rasults re expressed hore in tenths of a milli-
meter pcactr~tion, uné cre Gusiga.ted b, 2 (pressure will be
designzted p). This voricble is fiked for - ziven Composition ..
only at constant tamperatur.. ~Figure 1l -ivec “the penetrations of
four waxes c..osen for study as Tanctions of tic temperature. It
has been snown aexperi .entally th:t two Composition A's nade with
different waxes ;ive thc s:.ic densities when pressed at the sae
pressures, provided tie pressing te.iperatures are such that their
penctrations are zqu.l (at teu.peretures low cnough so the n.axes are
not molten, of course). ..ccordingly, the idcntity of the wax and ‘he
tempersture may be comoine: and e xpressed as on:s variable, thé penetration, a device
which is ofton uscful ané le.ds to gr.et simplification of the
results, The value of P, t.en dcpoends voth on the identltj of the
Composition ~ sample . né ox the tewparaturs employsd ian ahy specifie

pressing.

(2) ¥reliwinary Prossure--bensity Isotherms

The curves of Figures 2-4 preSent the proliminary prossing
data, obtained on tun-.r-m sciiples, Jrcssed at various teiperatures
and »rossures in e onv-iacih mold. Thae pullets generally wcre very
saooth =ad regular w.aca osushoed from tac rolé, so th:t they could »e
measurcd very sas:ly vith ¢ wicromster calipcr; thc diamcters wore
very constaat, cin¢ taoush thore was sone varlution in the height of
tihc noellet, it was enerally sufficient to mcasurc tias ncight ¢t the
eciter a.id at four spots acar the udgss, aad use tho .verage hoigat.
Pcllots were weighced oa .2 cinalytical .alance, and the densitiss
co -puted dlroctlj.

a The &ffccu of lielti:; of tho ..ax

Ons of the first striking features of ticse curves is
de..onstrutsd oy t..o 75° curve of risurev 2, ©.c¢ only curve taekon
ebove tic moltiag poiiat ol tho waX, d1he slopu o tuis curve at low
pressures is iuech s .cller ¢an tiaat of t-o otiur curves, «ad tiis
slopc Hursists e Lottor et thoe aishh pressurcs, wiile the lowier
to. payature curves flottea out and aspsoar to r.ach a limiting donsity,

=15~ S0, FIDw: ‘TInL




°Y wogjteodmwoy Jo serpmsg
up pesp sexwy 03 sueaderq oI wiedwel-uojaeajousy 1 eINITL

oy <+ L oSE o¢

.5C

#OTTOX XM wiaedng

TVILNIATINOD
|




PIOR ,T ‘S30TT0d weul-usy {07 O Xuy UOIsonig WA *PION LT ¥ UF poeselg 830110y wesl-weg
Tousg-ornsselg °
*PW v D0T3Ts0dw0p 207 swiepioeT Kyysueq-eanssesy ¢ eig v wTIte0dm0y YETITIg J0F Smienoey & T vy

cowm (rvhd ooeg

- 051




CO.IFID.L.TI..L

Howcver, it has @lso bcaon observed at higher pressures that in this
75° pressiag, mugh of thc wax is lost from the explosive, and forcod
out of tho mold. Such bchzvior would result in o dsersassd wax
content, and probably a :.orc scansitive shell filling, 'so we bulicve
that it is not to be rocomnended, and h:vg made little further study
of nixturss above thc nclting point.

b Tho Irregular Regions
In both Fizures 2 and 3, the 20 and 30° curves appear to

belong to a rogular fawily, while the 50° curvces, above two or tiarco
thousand pounds, tund to dsi.art from this rogularity and fall off
agaia., «sctually the dottod curves of thusc two figures corrcsspond
to rogions of considorcblc experimental irregularity also; »Hollcts
appoar to bu cracked, densities are vury difficult to roproduce,

and tihc coentoers of tho pollets are murkedly highor than the cdges.
Such polluts were sald to h.ve re-cxpended, and several attcmpts to
remody tals re-expansion vierc attempted. Of thuse, the following

were sucesssful:

(a) Cooling

It was found that if »sllets wcero prossed at 50° for
ono uiiute, and then tic mold cooled wita ice ss repicly as possible,
(this took ..bout 15 minutcs) witi ths proessursc on, the colé pellst,
when romovecd, showed none of thc re-gzxpeansion cffects, wacreas a
Dollot 101d undcr pressure for tiic same length of time at 50° diad
¢xhibit the low doasit,, crccks, aad all the sffocts saown 0y tho
Jellots praessed for once mi:iute. It -as velicved that the offect of
cooling was tnu hardeniang of tihc wax to svecan ain extent tiazt the ro-

expansion could not taite lcco.

(v) Ro-prossing

It was also found that if those rc-cxpandod pollcts
vore put back into tho i:0ld «fter azbout 30 niinutcs, and azain »prcsscd
for thc samse lengti: of tiizs, .nd at thoe same »rossurc znd tsmpsraturc
as beforse, thoir donsitics would rise ©o the valucs one would cx-
poet frou the 20 and 30° curves; this risc ia nrossurc could not bo
aciiticved by »rcssing oiace for twice as loasg, or by prsssing twico in
renid sucosssion., The usffcet of re-proessing is osnceiolly mcorked in
Figure L, where tiue ro-cipansion sgems to bo more rosular, but
affcots evea tho 30° curve; tac dotted curv.s i: this Figuro arc for

tie .o=-prussed pellsts. Thesc sxperinicnts in re-prossing led to tho
bgliclf taet tiae czusc of rou-cxpaasion was cntrepnped cir; waca tae
p6llot as allowed to stand, tais air ;redually loaikod out, .adé tho
pellc:, upon rsé-prussiag, would coue nuch clossr to its propor
consity.

(c)
~ mold wcs thorefoirc properad villieh enibled the
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opcrator to h0ld tiho sauple at rodueod pressure (15 to 18 riu.) for
5-10 ninutes baefore anplying the pressuro. Composition ..*'s prosscd
in tic vacuum mold showod no roe-expansion cffcots; honcoe it was
docidod that systematic studios siould bezin with vaocuum prussing,
th:it the pressing at atmosvheric pressure should follow, znd that
then tue roecxpansion phonomoinon could be isolated and studiod by

1ts81f,
SRS
(3) 3ystoms Pryssi

a Yoocuum SFollgts

In ordur to covor tac runge of nenctrations botweea 15 .nd
150, Composition ..'s wore mude up from four different waxes, superla
waz Yollow, 3rucoton iiex o, 10, Jsllow ~frican Buoswax and 95/5
Culf Fotrowax a-..lox 600, wita the eid of waieh tiais ontdrc r«ngc
could bs covered within tho tewperature rcngc of 25 to 40°. Pellsts
were nrcessed at e scriss of Hressures and penetr:tions, the former
veing rcestrieted to tho rangs vetween 2000 nd 10,000 pounds per
square inocn. ZFigure 5 s:ows tho rssults of these pressing experi-
rnents presented ¢s pcnet.:ction-density isobr-rs, .n alternstive
mo'thod of prossnting tacse rosults is to plot pressure~density curves
at constant ponctr:otion, T ey
r : is shown in Figuro 6, There is a tondenoy for
ths ocurves to eomc vory closc togethor ¢t hizh »ressurcs and pene-
trations, so that it has ‘.oen necassary to change the spacing of tiae
ourves from 5 units to 10, and finally to 50, ©This czn be clinmincted,
aad the aquivalont rolcs of the »rcossurs and tho ponetration cen best
bo sl.own by drawiag lines of constunt deusity cs in Figure This
grapia mukes very clear t.e fact taut taere «re nany combiastions of
prossurs cad psnoetretion woicia will lead to tho same rosulting den-
3ity. .t t.s lower prossuros and penetrations tag curvoes are
particularly siiaple, vboing practiocally linsar. ..t tho hisher prcss-
aes cad ponotr-tions, 2 limiting density is apparsntly boing
a»proached; 1,636 is tihc highost value th-t has beon obtained in
this vaeuum mold, cnd it soons doubtful if values -~bove 1,640 would
bc obtained without going to vory much higher »r.ssures, sven though
the tiaeoreticel value of ths limiting dcansity is 1,683, zssuming

th:t no wax is lost ia prossiag.

d QOrdinary Pcllcets

E ©cllets ware next prosssd undcr conditions whiech duplicated
as closvuly as »ossible tiaosc of the procediing ssction, sxeept tiiat
tho oxplosive vwas aot ev:zocuutsd before applying ths pressure. Tho
1o8ulting éensitics are suown s ¢ fuidotion of tihe peastiation in
ficure 8, whore tiic solid curves aro tiis curves for vacuua prossing
taksn from Figure 5 Ifor ocuperison. 'Yhe irrogularity of the rosults
is such that 1t was dooned bost not to atteipt to draw curves through
the polats; the dottcd lines c-ro ruroly intendcd to coanect theo
points for a givcn pressurc, to avoid confusiag them., Tho serious
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Figurs 6., Pressure-Density Curves at Constant
Penetration; Ten-gram, 1", Vacuum-Pressed Psllets.
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Figure 8. Penetration-Density Isobars for Pellets Pressed
at Atmosphsrio Prsssurs; Solid Curves from Figurs 6,
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ro-svxpansion is scen to bc limited a:proximctcoly to the region
boundcd by 4 = 1,60 2nd P = 30, :

It would appuar thct the ro-expansion e¢ffcects aro as great
undsr thosc conditions as thcy will sver be, bccausc the walls of
this r0ld arce very smooth, offering littlc rusistance to re-oxpan-
sion; ths plunger fits vory snugly, offering vury small opportunity
for air to escape; and tho Composition . itsclf hes very porous
grains, which probably contain much more ontrapped air then the
grains of harder mutorial liks the British product,

These results also show thut for the highor pressurss,
incrcasing tiic ponotration (by raising the tonperature, for oxample)
will lead to docrcasus iu density, if the initlal valuo of the
ponaetration is around 80 to 90 (sec thu solid curves of Figure 4),
out will lsad to inorcasus in density if the initial penetration is
woll velow these values (such as is tac case in Figures 2 und 3.

It is alsu clear frou thcse rosults tiaat the irregular purts oi the
50° curves of Figurgs 2 and 3 sihould be confined to their high-
prossurc parts.

It was hoped that the re-expansion night be exprossible as
a corrcection factor, which would be a func*ion of tho prussurc and
penotration, and had sinply to bec added to tiae rosults of the vacuun
pellot curves. In view of the irrcgularity of the densitics them-
sulves, wien roe-oxpansion occurs, it scems unwise to attempt to zive
quantitative trsatmont to tiis re-cxpansion correction. It will be
cloar from Figurc 8 in vihat roglons of pressurc and penetration one
nay expoet tuoc effect to bo a-preciable, and the approximute extont

of tho ro-expansion may clso be ostimuted,

¢ The dffect of Pollet Diamster

To ciuck the offcct of pellet diamcter upon the doensity of
pressed pallets, somo two .nd threc-inch diameter pellots have been
prcssod., The following rosults siiow that the decnsity is apparcntly
indopendont of thc diamectcr, but deponds strongly on pellot length;
prassurc o.iploycd was 3000 psi.

Diciietor Length B.lax :i0, 10 B,liax ..o, 10 Pctrocone~C-alox
20°C. 30°C. 20°C.

2" 1.495 i 1.559
1 1.522 -—- 1.591
1" 1. 538 ——- lc598
1/2» 1.542 ey 1,608
2" 1.499 1.534 1.560
2 e 1.547 i

It is h.rd to bu csrtain tinct vurious diancter 1olds are of equal
ol de CONFIDLLITIAL
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clecarance (see saection e, following), but wo feoel that within di-
anctor variations from ono to three inchos there is shown no cloar
offoct of dlamoeter on donsity. Tho offact of pelloet length, on
ths othor hand, is wamistakable,

d The uffect of Fellet Lovngth

Pollets huvs been pressud ia the ons-inch .old at var-
ious prussuras und pcnstrations, in lengths varying betwueen 1/8%
and about 2"; it 1s somowhat mors convenient in practice to vury
tas welgnt of explosive pr.ssed, than to vury the length of tne
pellet. The rusults for ono~-inch pellets may be expressvd as
follows:

(a) For pollets smallor than 10 g., tho density begins
to docruase with deorvasing pellet woight; this
fact is of no spceial practi-al interest, bscauso
such thin pcllots would surcly nsver be prcsscd in
practico.

(b) The overall donsity for laigor pollets may be con-
sidorod as essontially thoso 3zivon in Figure 6 for
psllots betwoon 10 and 15 grams,

(c) approxim.to vclues for the overall pellut densitics
© of pellets largur thun 15 g. oy also bu determincd
from the curvus of figurs 6, by using instvad of

the aoctual pross prossure an effuective pressure p',
given for © onc=-inch psllst of mass m by:

' -0,0135 (m - 15)
P' =p o

Bocausu of thy diamutor indopondonce of pollct density, the ahove
statouionts also hold for zay eylindrical mold of diaactor D,
inches, if the¢ values of m :rc roplacsd by m/D2 in tho oquation,
and 10D2 w.nd 15D2 g, replcce 10 -nd 15 g. ia thu suetions(s) :nd
(4§ “bovu,

It should be notcd that thsssc simpls relations hold only ia tho
absoncsy of re-expcnsion, cnd ths caleuletsd donsitiss ars to bo
coasidered us uppor limits undur coaditions wiiurs tiuis phunou-
gnon is to ov uxpcctad.

Tho approxim:te "effective pressurc formula of suction (c¢) above
iuplics that whon pcliots arc longer thaa .bout 3/4", thu averago
offcetivo prussurse bogians to dceeline with inercasiang longth.

Whon working with gage pressurc--puastrotion combinations woll
abovs ths knse of the »nrissurc-dunsity curves, this dcelins in
cffcctive prussurs will not o reflcetcd so roadily in donsity
dceline as when ono is working below tiac knce,
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o Thy sffuet of Plunsur Clcar:nce

whon pullots urc prossod ia wolds other than the ono
with which thc data of Figures 5, 6, 7 and 8 wors obtainoed, a
tondoncy to give donsities higher tiaun thoso prodiectud from thoeso
curvos was aoted. It is fult that thnls is thu result of tho faect
that thc plunger of the vacuum mold was more tightly fittod than
tho plungoers of molds not dosizncd for ovocuation. Tho data with
a given ii0ld may bce brought into cgrcamont with the data of the
abovo-ncntioncd curves if the pressing proessures are multipliod
by a constant factor, charceteristic of the mold; this fector may
bc roadily detormincd by prossing & fow pollots, undor conditions
of known ponctretion, in the mold.

f Tho Jsffoet of Tiio of Frossing

There has bucn no systematic study of pellcts pressod
for difforing leagths of timo; all the work citecd cuyployed one
minuto application of the prussuro. It is known that 10 g.
pellots prussed for lO-soc. h.ve somowhat lowor. donsitius than
the ono-minuto pellets, aind that times in oxcess of one minuto
will incroasse tho donsity of pelluts; ospceially thc longer
pollots., It is bolioved tiat tho results for times othor than
one minute would provably bs brought into corrclction with the
onc-minute data by finding a multiplicativo factor for cach
timo (unity for ono min,) waich would rolate thc pruss pressuro
and ths effactive pressurce to bo used in conncection with curvos

such as thoso of Figuro 6,

g Tho sffoct of Grain Sizo of ixplosivo

Sxporimcnts weroc madc on tho prossing of British Compos-
ition 4 of verying gr-in-sizcs, at 20° and 6000 1b/in<., Unmilled
particlos of tho matorial, of sizg about 3/16"D, and also mator-
ial crushod i: th¢ mill and seroencd vicro uscd., Tho rosults woro:

Unmillod 1,622
vn Tylor ;:10 1.623
Oa Tylor i35, through #20 1,618
Oon U.3. ;/100, through

TYlQr "435 1% 619
Throu";h V.3, ,,-'100 10605

Thc only samplc wialeh siovis @ significaontly lcrgo drop in donsity
is tho fino sample, and this may h w. containod uncoatoed RDi..

h The Bffcet of Consistoncy of tho ixplosive Grains

As muntioned previously, the srains of British Compos=-
ition 4 arc uory compact cnd hardor thcn the grains of maturial
propared in our l:iboratory., Ths only result of this differcnce
thot we hive béen -bly to obsurve surcly is thot the donsitios
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docroasc ior¢ rapidly for low pressurcs with thc hard matcrial
tihan with the soft, but cvon. this offect is suall under condi-
tions of prussurs and tewporaturc which yicld dcnsities .bovo
1.50, so its practical importance is nsgligible. It was thought
thet the harder <ind worc compact grains might causc lcss of tho
ry-oxpansion trouble than tho softor, morc open grains, but thoro
scocms to be actually no concrote evidenecc for this beliof.

i1 Tho Variation of Dcnsity Viithin a Pollct

Up to this point wo hnve concerned oursclves completoly
with the ovcrall densities of pollots; lct us now consider tho
variation of dcasity along the lcngth of ceylindrical pollots.

The consistency of thc prsssod muterial is such thret pcllets can-
not bo neatly soctioncd, so chargos wore made up in ten-gram
incromocnts, hand-pressod into the mold with a circular tin-foil
scparating diaphraogm betweon c¢ach incromusnt., Tho ontire chargs
was thon pressed, and whoil removed from the mold, could be sop-
arated into ten-grum scotioans. Thuse suctions did not have
plane fceos, exeept whore thsy were in contoet with the plungors,
80 their volumes werc dutermined by placing theii in « .containor
of kiown volume, and fillins the container with methanol from a
buret. Tac psllcts wore lightly coatod with vaseline to avoid
absorption of thu liquid. Tho dcasities of such suctions, as a
function of their .verage distance, in cm., from thoe moving
plunger, arc shown in Figure 9, for various pressure-pcnctra-
tion combinations, It is intercsting to obscorve that for highor
decnsitios prussure-ponstrotion cambinations ‘iving the same
ovorall density give also tie same depondance of density upon
%;ngth. Singo?:heso gombinations lie in tho lingir portions of

G curves of Figure cnd since the curvss of gure 9 are
also ossaentially IIncaf, the results mcan thot the offective
prcssurce within the nold is an sxponentially dcercasing funce-
:zxzof tho distance from tihe woving plungosr, in the first approx-

ation,

To dvtormine radial variations in density of prusscd Composition
a pollots, 2" diameter 17 high pellects of Composition a made
viith Bruccton Wiax o, 10 vicrc prussed to high dcasity, and holes
borcd in tiem., The rosults follow:

..V, Donsity of Sizo of AV, Donsity Chango in
Original Pollot Hole Bored of Bored Pcllct _ Av, Donsity

1.6105 1/2% 1,6088 -.0017

1.6109 3/40 1.6079 -.0030
1.6189 14 1.6144 -.0045
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Pigure 9. Average Density of Fellet Secticns as a Funotion
of Mean Distance from Moving Flunger.
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In prossing large chcrges of Composition 4, somo difficulty
might by enecountercd in tho offcet of thoe way the powdour is
spread out in the mold before pressing. To doterminc the
offcoct of non-uniform distribution of Composition .. bofore
prossing, a 2" pocllet was prosscd, with tho mold lyinf on
its side. Tho woighed anount of Composition /. mnde with
Brucston Vax No., 10 w2s put into the 2" mold, and the plung-
or put ina until it just touched ths surfcece of the powdor,
Knowing the lensth of mold and plungur, tho volume of un-
prossed powdor was dotormined., Thoe pl-ngor was then pulled
up far onough out of thc mold to give zn oqual froe volume.
The nmold was thcn turnocd on its side so th:.t the powdor
could flow down, and concentruto on one sido of the mold.
Two pellets were presscd this way. The bottom side of the
poellot was marked aftcer prossing. The oveiall densitios of.
the pollsts wore measured, and then the pellcts viere cut in
1alf, scparating thoe top cnd bottom scctions., Both svetions
wore sandod down, moeasured goometrically ond thoeir donsitics
dotermined, with the following rcsults:

5,000 psi. 10,000 psi._

Ovorall density 1.5570 1,6107
Donsity of top half 1.5539 1,5988
Donsity of bottom helf 1.5525 1,6092

Ia noithor casc docs thoro appcar to bo a significant donsity
diffuroncc botween thu two halves, thouzh tau irregularity in

powder distribution wias groeat,

() Sholl Locding with Composition 4
a Loading liothod

Thc base of a 37 mn. 263 ~hcll was providod with
an adaptor to hold o 0,8382"D plunger; .. support.for the noso
to hold tho asssembly upright in the vertical prcsss, aad an
eloctrically hcsated water bath to control ths tonporature
coiuiploted the loading cquipnunt. Lxplosive was londud into
pho'ghull-adaptar assouiibly, the unit was brouzht slowly up
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to tho desired tomporature, hsld therc for 15 miautes, and
thon presssd for onc minuto., The cxplosivo was loadoed in
two and threo inocromcnts, and at various prossurcs and
toaporaturcs., J

Tho wolght of thu incroment w.s doterminced by woighing the
sacll boeforo and aftoer tho addition; ths volumo was moas-
ured by doturmining ths froe volumoe with mothanol added
from o burot, ~nd subtracting this from thc total volumo of
tio cavity,, Sholl fillings worc also prcsscd in which the
last ineroment was »drcossod with c plungor tippod with o
boostor-cavity former; the booster cavitios formud in this
way wero strikingzly saerp ond cloan, and ths usc of such a
tip {or the last incromont has no bad offuct on tho overall
density.

Unfortunately, thc sizes of the incremciats woro not always
kopt quite constant, so that it is not sasy to discuss tho
donsities of thc various incroncnts soparatoly. .48 would

be oxpoctod, tihe donsitics of the incremonts prossed ia the
ogival portion of tho cavity .re abaormally low, and the
deansitivs of tnc increucnts presscd ia tho cylindricel por-
tion of the cavity arv about nor.uul. Thore soecws to bo less
tendency for tho filler to rs-expand ia tic shoells tii.a in
the swmooth cylinder ..0lds, und zbove the mclting=-point of
tac wax its tondoney to oxude during prcssiing scoens also to

bo less.

b Intornrotation of Rosults

The ovcerall donsity of tho filling of a sholl
say bo predictod ot any prass pressuro cnd penotration, for
any given numbor ond woight of increments, if tho overall
donsity is known for tiais pressing schodulc ct ono »rossure
a.ad penotration, or, votter, if it is known for - fow com=-
biaations of prcessurc .ad ponotration, This corrclation

gain auploys Fizure 6, -nd is curt:inly approxim::tuly cor-
root. .. s.3ll Is prussod =t a definito Hruss prassurg p a3nd
& Geéfiaite pensetration 2, according to o fixod scacdulo=--
nunbor :ad vwelght of ineremcnts, tims, cte.--ylolding an
overall density d. Ruforonce is tacn made to Figuro 6, and
tho pressure p' corrcsponding to the donsity & cand the pono-
tration P is dotorninoeé. Thoe ratio p'/p, waich: will in
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gencral be lcss than unity is e constent cheracteristiec of
tho prcssing schedule and the shepe of thc shcll cavity.
The value of this constant for the 37 nm. shsll, loaded

with a first incroment of 29 g., pressed onc minutc with a
flat plunger and a scecond increment of 20 g., presscd for
onc minutc with the tipnod plunger, is 0,580. For tho samc
sholl 1oadod vith a f£irst incroment of 16-1/2 g., & sccoad
incremcnt of the samc sizc, cach prcsscd for onc minute with
a flat plunger, end a third incrcacnt of 17 g. procsscd for
onc minutc with thc tipped plunger, thc valuc of the constant
is 0.760. Thc valuc of this constant could bc furthcr in-
crcascd by incrcasing the anumbor of incremcente, or by in-
crcasing thc time of jrcssing cach incooment, but it can
probadbly not be madc as grcat as unity.

Unfortunctely, much of thc shcll prcssing was donc carly in
the coursoc of this study, at tcmpcraturcs outside thc range
in which the pcnetrations have becn mcasurced; accordingly,
thero is not ebundant cvidcnce to suprort tho statcments of
the above peragraph in a striking fashion. The curvcs of
Figure 10 roprosoent the ovorall densitics for two-lacrcacnt
prcssings at various toempcraturcs and orcssuros. Besido tho
scale of p, thc scale of p' is also shown, and thc solid
curves Joining thc cxpcrimcntal points arc mcmbors of tho
family of Figurc 6, on tho p' scala.

Soiac shell pressing hes also boon donc at 10 sce., instead
of our rcguler timc of onc minutc, and lowor dcnsitics have
boen found; a slight incrcasc in tho pressure would, howovcer,
boe enough to bring thcm up to thc oac-minutoc valucs.

(5) Effccts of Rolling on Pressing Charactcristics

Thcso studios wcro all made with samplcs of Composition A,

and no detailcd comparisons of thc orcesing propcrtics of
Composition A and Composition A-3 have bcen madc. A good

many samplcs of thce lattcer have bocn prsssed from timc to time,
and it is our bclicf thaet although slizhtly lovicr dcnsities are
obtaincd with unrollcd products, thc goncral rclations ere

not much altered so long as thc WL is well costecd. Poorly
cocted unrollcd products, hovcvcr, givc abnormzlly low
densitics and very weak ocllcts.,
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Figure 10, Overall Density of Shell-Load as a Funotion of

Press FPressure (p), and Effective Pressure (p'),

for Iwo-Inorement Pressing at One Mimute Hold.
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" (6) stickinoss of Composition &

It has buon noticed both in  Nuvy Sholl loading :nd also
in thu l.bor.tory (p-rticulurly with tho Stokos pcllut-pross)
tact, uspoclally during warm weatioer, ssre is o tendoney
for Composition A to stick to divs, mold-walls, ..nd booster-
fornocrs., This tcecadoney is rol .tud to the stickinoess wnd to
the softncss of the wiax, wo thorough study hns been made of
this m:tter, but it suggests the valuo of cihoosing for Come
position 4 vwaxes wailch aroc not sticky, 'nd waich hrve r:thor
low nonotr..tions. 2Alox-600 inercasces the penotr-otion :nd
stickinocss of waxecs; -cecordingly, it scoms wisce to roduce tho
alox content, waich w.ns ciaossn originnlly s 10 in n com-
»Mlotely arbitrory ncier, to the lowest luvel which fives
suit:ublc couting proporties; one porcent scens adequate, The
wet coating of Composition & with graphite night »lso re-

duce stickincss.




. 4e Explosive Properties of Composition A
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(1) Sensitivity
a. Effects of the Properties of the Wax on Sensitivity

Barly investigations of waxes as substitutes for beeswax in
Composition A, in which the relatively irreproducible Type 4
Impact ilachine was mainly employed as the method for assessing
degree of desensitization, created the impression that of a

series of petroleum-base waxes of similar physical properties,
some were, while some were not good desensitizers. It is

probably not unfair to state that the ten waxes recommended in
OSRD Report No. 313 were chosen from many studied in large part
because they were belleved to be particularly effective
desensitizers. Vle now largely reject this concept of specifically
high desensitizing ability, unrelated to gross physical properties,
and feel thet any wax having a penetration sulted to pressing
operations, proper stabllity cheracteristics when mixed with

RDX, and the ability to coat well from water will also be a
sultavle desensitizer. Subtle diflerences in desensitizing action
may yet exist among waxes of similar apparent physical properties;
such differences are precisely the ones which are very dirfficult
to assess with certainty9 e At least it seems unwise to

conclude that a certain wax is highly superior to other

similar ones unless this can os demonstrated by & number of
different sensitivity tests - in other words, the basic

assumption that waxes are alike in this respect seems to us

more reasonable and more fruitful than the opposite assamption
that their desensitizing abilities may vary capriciouslye.

Examples of impact and bullet-test results of Composition A
semples made with various waxes of suitable penetration and

under circumstances in which good covering of the RDX was

achieved are given below:

§7»See Picatinny Arsenal Technical Report No. 1489, for
relative desensitizing action of two waxes on PETN.
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| Drop-Weight Impact Tests-Composition A
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-

Weax , 50% Pt(cm); Typs 4

10/

Index; Type 6

Beeswax

Bruceton Yax No., 10
Petrocene C - Alox 600
GPD=-702~C% - Alox 600

Gulf Petrowax B - Alox 600
Gulf Petrowax A - Alox 600
Cerese ‘Jax Brown = Alox 600
Product 2300

Product 3000s=¢

TNT (control)

# Socony-Vacuum O0il Co,
s## Moore and Munger

0% at

28% at
0% at

o% 94

at

20% at
o8

33% at
5% at

04 at

100
100

100 -

100
100

100
100

100

87
87
121
90
109
107
116
107
94

102

Drop-Wleight Impact Tests-Composition A-3

Wax

Beeswax
Bruceton Wax No. 10
Petrowax A = Alox 600

504 Pt(cm); Type 12

Beeswax (British Rolled Sample)

75
76
69
70

OSRD No. 5744
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Bullet Tests - Comp. A

Loaded at density 1.0 in 1" p.n. Cal., 0,30 Ball

Wax No. Triels Result

Beeswax inert
Bruceton Wax No. 10 ' , inert
Victory Wax - Alox 600 ] inert
Petrocene C - Alox 600 I = inert
Petrowax A - Alox 600 inert
Barnsdall Special Wax, Amber=-Alox 600 . inert
Esso Deoiled Petrolatum - Alox 600 i inert
Paraffin - Alox 600 . inert
Petrocene C =~ Lanolin [ inert
Petrowax A - Lanolin T I S inert
Standard Refined Wax - Alox 600 . = . . - inert
Stanolind 160/85 - Alox 600 o ' inert

TNT (control) : inert
5 deto-

. nations
Test results of this sort have caused us *entatively to accept
the notion that if a wax is otherwise suitable for Composition A,
its desensitizing action will oe adequate. '

b. Comparison with other Explosives

Composition A is rather unlike such materials as TNT and

Ammonium Picrate, both in physical properties and also in being
composed of a large amount of sensitive material plus a relatively
small amount of demensitizer. Tliese differences make it hard to '
obtain unique sensitivity orderings for Composition A and such
other explosives under varied conditions of impact,

(a) Drop-iieight Impact Tests

There are now available, in the preliminary results of the U.S.
Navy Comparison Series of Impact Tests, test-results for a
uniform sample of Composition A-3 tested by several laboratories
on machines of their own desiins. These results, and several
others from ERL machines are presented in the following taple;
for each machine the relative 50:% Points (TNT = 100) are givent
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fachine -
gxplosive duPont, N.P.F.# Hercules N.R.Ce ERL ERL ERL Average
Cupe. 'ype 5 Canada Type 'Tgpe Tgpe
12

o — ———

e G ® &8 BA - SetSm—

- o > o - v

Ammonium
Plcrate 98 47 65 100 144 187 147 1
1

13
Comp. A 86 83 54 293 44 97 91 o7
TNT 100 100 100 100 100 100 100 100
Tetryl 65 . 28 42 37 22 62 60 3¢

+#Naval Powder Factory, Indian Head, Md.

These average values will not be greatly changed by omittinz any
one result, except that of the NIC, Canada, which gives so high a
value for Composition A. Omitting this se*, the order beogmas:

Ammonium Picrate
TNT

Composition A
Tetryl

It seems fair to conclude geneirally from these tests that Composition
A i1s on the average more sznsitive than Ammonium Picrate and less '
sensitive than Tetryl. Under most conditions it seems some.nat

more sausitive than TNT, but at least under the condition or impact
obtainin; in the Canadian laciine 1t may behave less sensitively

than TJdT.

(b) Bullet Impact Tests

Tested at density 1.0 in 1" pipe-nipples, with Cal. 0,30, Ball,
M2 amaunition, Composition A compares with TNT and Ammonium Picrate

in the following way:
Explosive No. Trials € Inert % High Order Det.

Ammonium Picrate 11 100 0
Composition A 59 100 0
™T 15 67 33

Under these circumstances also, as in the NRC, Canada, drop=-weight

test, Composition A is less sansitive than THT. The test does not
make any differentiation betwsen Composition A and Ammoniua Picrate.

CONPID.NTIAL




CONFID:INTIAL

(¢) Booster Sensitivity Test

The booster sensitivity testll/ gives the following results and
order of increasing sensitivity for pressed charges at density l.6,

et - ——— T N AT PSPPI L - - A,

axplosive Limiting Boostersit

Aumonium Picrate 5//2042
Composition A , : 2o+2//15+2
THT . 1542//1042
Tetryl 542//2043

#Tae notation 5//2042 maans, for example, that the
explosive detonated wita a 5 g Tetryl booster, but
failed with a 20 g. Tetryl booster separated from the
charge by 2 cme. of Aerawax B. .

On thg other hand, TNT pellcts of density l.6 were not detonated

by a duPont No. 8 Tetryl-base detonator set with base flush with
the pellet surface, while under similar circumstances Composition A
pellets often detonateds It is felt that Composition A, with its
highly sensitive RDX erystals, inight well be more sonsitive than
TNT to the attack of this detonator, which is a small shsped charge,
whereas it is less sensitive to the attack of the members of the
graded booster series, which throw no small, fast metal particles.

(d) Large Scale Results

- Plate-tests of Composition A-3 loaded A.P. shell have been made
By the U.S. Navy. The detalls of these tests are not known to us,

- but it has been reported that wihereas the 3" shell, so loaded,
passed the plate-tests, the 6" shell failed. These results show
that Composition A 1s more sonsitive than Ammonium Picrate under
these conditions. Mass detonation (sympdthetic detonation) trials
with the Composition A«3 loaded 5'=38 A,A. shell show that such
shell detonete en masse under circumstances under which the same
shell loaded with Ammonium Picrate do note This result i1s to be
related not only to the appar:antly higher booster-sensitivity of
Composltion A-3, but also to tiae higher performance of the
explosive, which provides much rcater impulse to mass detonation.
Comparisons with TNT are hard to make, because it is usually cast=
loaded in such shell, and in ordcr to draw conclusions from fulle
scale tr:als which should be o:ipected to correlate with small-scale
ones, one must make allowancos f'or this difference in loading; how
dn detail to make such allowancos 1s not NOw Knowhae
11/

See OSRD No., 5746 for details.
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(o) Conclusions

The various tests which have ocen cited make it fairly clcar that

in general Composition A is a definitely more sensitive explosive
than Amaonium Picrate, but is dofinitely more insensitive than
Tetryl. It differs basically from pure-compound explosives, however,
as a consequonce of which (at lecast in part) it displays under
certain conditions greoater, and under otho? éonditions less

sonsitivity than TNT.

(2) Porformance

Although Composition A is in roughly the same sensitivity class as
TNT, and gruatly loss sonsitive than Totryl, it outporforms them
both in all small=-scale tosts wo have made. The followigé/are
represontative values.of.our laborstory measure of performance .

Explosive Ballistic Relative Relative Volocity of
Mortar Brisance Fragment Vel. Detonation
(TeV.) dense. (T.V.) dons.,  (T.V.) doens. V(m/seo)

Ammonium. Picrate 99 - 3% o ~ic 1l.55 7050
TNT 100 1,602 100 " 14,580 100 1,60 6850

Composition A 135 1.611 126. l.608 108 1l.60 £200
Tetryl 130 1.532 115 e e 1.556 7375

#This vulue is not known, but the value 100 has been obtained
for Picratol, 52/48; hunco the valuo for Ammonium Picrate
at high density must bo nuar 100 also.

Brisance as moasured bg the latc-dentin§ltest, the fragment
e

velocities, and the ra of dotonution a dopond upon dunsity.

In the provious table wo cite tic donsities at which thesc data
were detormined. V/ith respect to TNT, the two explosivos imaonium

Picrate and Composition A (each suitable only for press-loading)
occupy complemontary, not similar, positions. Ammonium Picratec is
similar to TNT in performance, but oxceocds it in inscnsitivity;
Composition A is similar to TNT in sensitivity, but exceocds it

in performenco. Composition A displays both higher porformance
and groator insonsitivity than Tctryl.

12
Sec OSRD Roport Noe. 5746 Lor further dotails of theseo tests.
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8. Stapility of Composition A_
(1) Chomical Stability

All soriously-considered experimental Composition A samples have
baen subjectoed to routine 1350C Thermal Stability and 1200C Vacuum
Stability Tostse No samples aave bsen acid within 300 minutes

in the former. All samples made with petrolecum=base waxcs

have shown very satisfactory Vacuum Stability at 120eC; as
remarkod in OSRD {eport No. 310, pe. 11, most samples display a
Vacuum Stability about that of pure HDX. Synthetic waxes do not,
howover, have the chomical unilormity of petroleum waxos; some

do and soawe do not form as stably mixtures with RDX as the
petroloun waxes. Typical results are the following:

Vacuum Stabillity Tests; Compoaition A

ce.Ce gas cvolved at 1200C

Wax 90 minutes 48 hours

Petroleum Waxos

10.48
0.30
0487
0.58
0.70
0.73
1,05
1,03
0435
0487

Victory ilax
Stanolind 170/75-Alox (10%)
Black Aristowax-Alox (10%)

Aristowax-Alox (Br. %ax No. 10)

OOOO?OOOOO

Aristowax-Lanolin (10%)

®
SR HOUWY I N
OB ORDHDOND®

Synthetic Waxos

Glyco Jax A - Alox (1%) 0.57 . 0.70
0.70 0.80

[Blyco Jax A + 5% Stearamide7-Alox (10%) 0.61 0.74
- 0.65 0.38

Acrawax 3 = Alox (1% )+# 0.85 9.40
0.93 over 12

Carbowax 6000 4.18 over 12
' 4,17 <24 hours

at 100C

Caroowax 6000 : | 2.28 8.5
2.30 ovoar 12

#It has already been pointed out in Picatinny Arsenal Technical
Report No. 1487 (Jan. 1945) that the Acrc .axos are incompatible
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(2) Corrosion

Corrosion tests (compatibility tests with brass and steel
in & humid atmosphere) of Composition A were reported in

“ e, OSRD Rcport No. 397. No otiaers have been made. It has
beon ovscrved that stearic acid, as an additive to waxes,
reacts with brass and colors thie oxplosive green., Beeswax

dooes tiais also without additives.

(3)

One of the more difficult properties of an RDX-wax mixture
to muasurc and intorpret is its behavior on hot storage,
its so-callcd exudation. Tae numurical valuss obtained for
percent of wax lost after varyin% periods of storage at any
given toempurature have only rslative significance, being
used m.ro to dutornmine tie relative merit of the waxoes
tested.s It is not known tuat ¢von waxes which appear, by
such comparison, to be very poor in the laborstory will not
be satisfactory when loaded into an actual munition, since
no full scale zost has ever bzen run, It is belileved,
howevoer, that loss of low mclting wax or oill at elevated
temperaturesmight have szrious results. 'While it is doubt-
ful whother any of tho wax can leak out of the loaded sholl,
i1t is possiblu, since some 5% voids exist even in a fairly
good pressed load, that tho wax or some part of the wax may
low avuy from some of the 10X leaving one or more areas
in the mess of explosive with luss than tho amount of wax
nocossary for adecquato dessasitization. Such high RDX-low
wax arcas would be more sonsitive, and might cause premature

dotonation of the shell,

Axudation

M aa T R AT § T - v,

Aside from considerations of effectiveness in descensitizing,
tho svluction, in 1942, of 3suswax substitutes from the many
avallavle potroleum waxes was basod mailnly on the exudation
_ rosults (OSRD Report No. 397). Since 'that timo, the objuct
| , of such cxudation investiations at this laboratory have

: . beon to find the best possivle wax from the standpoint of
exudation, rather than onc which will morely match Bocswaxe
All of the original oxudation tusts as describod in OSARD
Report 397 werce done ot 50oC .ith 5 g samplus cnclosud in
glass weighing bottlus. Since that tims, it has beon found
conveaiunt to use 10 g sampls, 1Y in diametor, and since no
differonce was obsurved whotior the sample was c¢nclosed '
in a wcighing bottle or not, ell samplus wore stored in

C e d——— e 88 - et
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the opun. lioreover, experiocnce in tropical storage of
mmitions has led to interist in behavier at higher
tomp.:r.tures; 60oC has been svg csted as a standard test-
tempoerature, and is now so uscd by us.

a. Procedurs

10 g of Composition A are prossed in a 1" mold at 10,000
psi. The ond of the resulting pellet which was next to tho
moving plunger is sanded until it is p:rfectly flat. The
pellct is weighed, and thon with the smoothed surface down,
is placcd on 10 pieces of filtcr peper 1-1/27 in diamoter.
A 75 g brass w.;ight, 1" in diamcter, is placed on top to
insurc zood contact botween the pellot and paper. The whole
assuonbly is then placed on a wire scroen and stored in a
forced-draft ovon at 60oC, Tuav pellet is rumoved and
“wuighoud after 3 days, 1 wook, 2 wooks, 5 weeks and 12 wuoks.
Tho rusults aro vxprossed as purcent of wax lost.

b. Rousults

Rucent ocxudution studios have rovoaled two vorgaimportant
facts: (&) decreasing tho Alox contunt from 104 to 1%
cuts tho ocxudation; (b) tho aristowex 160/65 now boing
produccd is considerably iafcrior, from thce standpoint of
exudation, to tho Aristowax 160/¢5 recommonded by this
laboratory in 1942; othoer waios oxist which are supurior
in this rcespuct to current production Aristowax,

The following Tabls domonstrotes, by some typical cxamplos,
K?o a£55°t upon c¢xudation of louvuring the contont of
oX °

Wax . Porcent Wax Lost; 2 wooks
at 600oC,

104 Alox 1% Alox

Curront Produétion Aristowax:

Sample 1 S5¢56
Samplec 2 o C e Se7
Super Gem Ambor ¢ I - 1.3
Glyco-Wax*A'/ 5%-Stearamide - * I 0.9
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Figure 11 shows the exudation at 60°C of Composition A
pollots made with 1% Alox and various waxes, as a function
of storesge time in days. Tnosv particular tosts wore
carriod up to 35 days. Tho difforonce bstween valuos
obtained with "0l1d Aristowax," part of a 500 lb. lot
rocoived in 1942 from the Union 0il Co., and with current
Aristovaxcs (the avera%e rusults obtained with four differcnt
lots ruceived during 1945) is vory large = much groater
than variastions among curruvat lots. Indsod tho old samplo
is to bc classod among tho outtcr, snd tho current samplos
suaonz tho pooror waxes from tiu standpoint of exudation.

Amon> waxus procurod durinz 1¢45, the ono outstanding in
oxcullonce 15 Stanolind 1738-75 (ﬁnothor Stanolind Wa%,

Stanolind 160-65 is, howevor, quite poor; the two should
not bo confusocd ), On shor t-Eimc storago, the Taonk Bottom

WJax, Super Gom Amber, also shows very low exudation, but
beyond about two weoeks it oscomus poorer than Stanolind
170=75,

A fow tosts ot 659C, with waxus, in gonsral, which wore
vory zood at 60eC, gavo tho following rosults (1% Alox
600 usod in all casos):

Tax Pur c’nt..': Ylax Lost;
650oC, 5 days

Glyco='iax A : 15.6
Glyco~liax A + 5% Stearamidoc 12.3
Supor Gom Ambor 1.8
Stanolind 170=-75 0.3
Curront Aristowax 11.5

Thus, uvon at this tumporaturc, Stanolind 170-75 givos
ronarkcoly small oxudation.

In tho coursv of thls reoport, it has boon shown that the -
prop.rtios of tho wax aro of gZruct importance for the
final proportivs of Composition A; in particular, theo
oiling cheractoristics, prussing proporties, chomical
stability, and exudation dup.and strikingly upon proportiocs
of thu dousonsitizing wax. It 1s impurative thet waxos can
bo spucified that will snsurc tc the finishod products tho
proportics dusired. HNorcovor, wvaxcs arc useod in othor
oxplosives, whuro othor proportios are, porhaps, roquircd,
Bocauso of the mugnitudo of this problom - wax testing ond
wax spucificetions - it is boing trcated in a separate
roport, &s OSRD No. 5633,
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6. Voricnts of Composition A

(1) Aluminizoed Composition A

An RDOX-Waxe- Aluminum mixturo ccllcd Aluminizod Composition
A has boon dosceribed in Division 8 Interim Roports PT-21,
p. 10, ff, and PT-22, p. 14. This matorial has tho
composition 73/9/18 RDX~Wax-Al, and has buon satisfactorily
mado by oiling tho 73 parts of kDX in slurry with 7 parts
of wax, adding the aluminum whon tho waxed RDX is woll
grained, ond finally, whon tho grains heve beon coatod
with aluminum, adding thc romcining 2 | arts of wax. Tho
wot product is thon driesd liko Composition A~3.

Qe Sonsitivitz

Tho following Teblos summarizo tho cvailablo sunsitivity
tosts:

Drop=-Wuizat Impact Tosts

Bxplosive 504 poiat (cm) 50% point (cm)
- Type 12 Typo 13

Composition A-3 380 218
Aluminized Comp. A 62 171
Tritonal, 80/20 138 140

Bullct-Impact Tosts; Cul. 0.30, Ball, m2; 1" pipo nipplos

Explosive No. NE EP E EC

Compe A=3 (d = 1.6) 10 10 == . wm-
Aluminizod Compe A (d = 1.6) i1 o . 2 -
Tritonal €5/15 (d = 1,6) 10 10 -=-- -

Compe A=3 (d = 1.0) 59 59 == =
Aluminizod Comp. A (d = 1l.1) 10 =--= 10 --
Tritonal 85/15 (d = 1.0) 3 ee - 3

It is clucr that oach tost roveals sor .itization of Compe A

by tho cluminum addition, but how thu uluminizod product
comparus, scy, with Tritonal i1s not mudc cleare Tho
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bullet-test and the Type 13 Drop-Test suggest the
Aluminized Comp. A to be less sensitive, while the Type 12
Drop-Test suggests that Aluminized Oomp. A is more
sensitive than Tritonal.

b. Perforinance

The following are results of laboratory measures of
performance?

. Veloecity of
Ballistio Relative Relative Detonation

] Mortar Brisance Fragment Vel, dens. V
losive TV, dens, T, V. dens. T,V. .(mésecz

Comp. A-3 135 1.611 126 1.608 108 1.60 8200
Alz'd Comp. A 142 1,719 110 1,696 113 . 1.70 7800

0. Pressing

This material is very easy to press, giving less trouble
with sticking and as good or better percent voids than
Composition A under similar pressing conditions,

(2) 12% Composition A

Because of tne failure of the 6" A.P, shell to pass the
Navy Plate Test when loaded with Composition A, and more
particularly because of the failure of .he 5" - 38 A.A.
shell, so loaded, to pass the mass detonation tests, we
have been requested to make a brief study of a 88/12
RDX-"/ax mixture.

a. Preparation

Such a mixture can ready be prepared like Composition A-3,
by adding v:ax in water slurry. Somewhat larger grains are
obtained unless conditions are altered to avoid this,
Ultraviolet exwamination reveals good coatings. With this
material there seems to be a tendency to lose even greater
percentages of wax in hot storage then from regular
Composition A-3; the use of waxes such as Stanolind 170-75
is especially desirable in making this praduct,

b. Pressing Properties

No extensive study of this matter has been made, but the
following results were obtained using Stanolind 170-75
and 1% Alox 600,
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Prossure 124 Comp. A 9% Comp. A
{2312 Donsity Donsity

3000 l.45 - l.44
8000 1.50 ' 1l.52
10000 1l.54 1.57
15000 1.56 1.59

Tho diffuronces arc aobout accounted for by the difforence
in donsity of the mixturecs.,

6. Scnsitivity

Since this mixture was roquested in tho hope that it might
pass spocific tosts, thoseo tosts will decido whother its
scnsitivity is low enough. Tho Type 12 machine gives 50%
Points in cm of 80 and 108 for 9 end 12% Comps A, rospoctivee

1ly.

d, Purformance

Porformance tusts rosults avcilablo arce summarizod bolow:

Explosivo Ballistic Rolativo Volocity of
=P Mortar Fragment:Volocity Dotonation

(T.V.) dens. (T.V.) dens., ¥(m/seoc)

Composition A=3 135 1.608 108 1.60 8200
124 Composition A 132 1.566 109 1.585 3240

In no c280 is the doclince in porformanec groat; indeod in
fragmont volocity and dotonation velocity tho roportoed
valuos happon to be highor for the 124 Composition A.

(3) Composition A - KNO3 Mixturos

Such mixturos have boon studiod as shell-filloers to givo
whito burst., All work donv in this laboratory has buon
¢olluctod in Division 8 Inturim Report PT-36, p. 11, and
nood not bo rupeated horo.
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